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EXPERIMENTS,  8ec. 


HEPATIC  Air  is  that  fpecies.  of  permanently  elaffic  fluid 
which  is  obtained  from  combinations  of  fulphur  with 
various  fubflances,  as  alkalies,  earths,  metals,  &c*  It  pof- 
fefles  many  peculiar  and  diftin£t  properties  ;  among  which  the 
mod:  obvious  are,  a  difagreeable  charadferiflic  fmell  emitted  by 
no  other  known  fubftance ;  inflammability,  when  mixed  with 
a  certain  proportion  of  refpirable  or  nitrous  air  ;  mifeibility  with 
water,  to  a  certain  degree ;  and  a  power  of  difcolouring  me¬ 
tals,  particularly  filver  and  mercury.  Tliefe  properties  were 
firft  difeovered  by  that  incomparable  analyfl  M.  Scheele. 

This  air  a£ts  an  important  part  in  the  oeconomy  of  nature. 
It  is  frequently  found  in  coal-pits  ;  and  the  truly  excellent  and 
ever  to  be  regretted  M.  Bergman  has  (hewn  it  to  be  the 
principle  on  which  the  fulphureous  properties  of  many  mineral 
waters  depend,  and  thus  happily  terminated  the  numerous 
difputes  which  the  obfeurity  of  that  fubjedt  had  occafioned. 
There  is  alfo  great  reafon  to  think,  that  it  is  the  peculiar  pro¬ 
duct  of  the  putrefaction  of  many,  if  not  all,  animal  fubflances. 
Rotten  eggs  and  corrupt  water  are  known  to  emit  the  fmell 
peculiar  to  this  fpecies  of  air,  and  alfo  to  difcolour  metallic  fub- 

A  fiances 


%  Mr,  Kir  wan’s  Experiments 

fiances  in  the  fame  manner.  M.  Viellard  has  lately  difco- 
vered  feveral  other  indications  of  this  air  in  putrefied  blood. 

Yet,  deferring  as  this  fubftance  appears  to  be  of  a  thorough 
invefligation,  it  has  as  yet  been  very  little  attended  to.  The 
experiments  of  M.  Bergman  have  not  been  fufficiently  nu¬ 
merous,  and  thereby  led  him  into  fome  miftakes.  Dr.  Priestley 
has  intirely  overlooked  it.  The  refearches  of  the  ingenious  M. 
Sennebier,  of  Geneva,  have  indeed  been  very  extenfive 
but  as,  for  particular  reafons,  he  operated  on  this  air  over 
water  (by  which  it  is  in  great  meafure  abforbed)  inftead  of 
quickfilver,  his  conclufions  appear  in  many  refpefts  objec¬ 
tionable,  as  will  be  feen  in  the  fequel.  The  experiments  I  have 
now  the  honour  of  laying  before  the  Society  were  all  made 
over  quickfilver,  and  feveral  times,  repeated.. 

S  E  C  T  I  O  N  X. 

Of  the  Subjlances  that  yield  Hepatic  Air ,  and  the  means  of 

obtaining  it,. 

It  is  well  known  j  tha  if  aline  liver  of  fulphur  is  formed,  in 
the  dry  way,  of  a  mixture  of  equal  parts  of  vegetable  or  mi¬ 
neral  alkali  and  flowers  of  fulphur,  melted  together  by  a  mo¬ 
derate  heat,  in  a  covered  crucible.  I  examined  the  circum- 
flances  of  its  formation,  and  obferved,  that  when  this  mixture 
was  (lightly  heated,  it  emitted  a  biuifh  fmoke,  which  gra¬ 
dually  grew  whiter  as  the  heat  was  increafed,  and  at  lafl,  when 
the  mixture  was  perfectly  melted,  and  the  bottom  of  the  cru¬ 
cible  (lightly  red,  became  perfectly  white  and  inflammable. 
To  examine  the  nature  of  this  fmoke,  I  made  a  pretty  pure 
fixed  alkali,  by  deflagrating  equal  parts  of  cream  of  tartar  and 
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nitre  in  a  red-hot  crucible  in  the  ufual  way  ;  and  mixing  this 
fait  perfectly  dry  with  flowers  of  fulphur  in  much  fmaller 
quantity,  as  I  believe  (for  I  did  not  weigh  the  fait,  lead:  it 
fhould,  during  the  weighing,  attract  moidure)  I  gradually 
heated  the  mixture  in  a  fmall  coated  glafs  retort,  and  received 
the  air  proceeding  from  it  over  quickfilver. 

The  firlf  portion  of  air  that  pafifed  with  a  very  gentle  heat 
Was  that  of  the  retort  itfelf,  (lightly  phlogifticated.  It 
amounted  to  1,5  cubic  inches,  and  with  Dr.  Priestley’s  ni¬ 
trous  ted:  (that  is,  an  equal  meafure  of  nitrous  air)  its  goodnefs 
was  1,29.  It  contained  no  fixed  air. 

The  fecond  portion  of  air  obtained  by  increafing  the  heat 
amounted  to  about  18  cubic  inches.  It  was  of  a  reddifh  colour, 
and  feemed  a  mixture  of  nitrous  and  common  air.  It  dightly 
a£ted  on  the  mercury. 

The  third  portion  confided  of  20  cubic  inches,  and  appeared 
to  be  of  the  fame  kind  as  the  lad,  but  mixed  with  a  little  fixed 


air. 


This  was  fucceeded  by  64  cubic  inches  of  almod  perfedlly' 
pure  fixed  air  ;  and  the  bottom  of  the  retort  being  now  red, 
fome  fulphur  fublimed  in  its  neck.  When  all  was  cold,  liver  of 
fulphur  was  found  in  the  bulb  of  the  retort. 

Hence  we  fee,  that  the  blue  fmoke  confids  chiefly  of  fixed 
air,  and  the  white  or  yellow  fmoke  of  fulphur  fublimed  ;  and 
that  no  hepatic  air  is  thus  formed  ;  nor  vitriolic  air,  unlefs  the 
retort  be  fo  large  as  to  contain  a  fufficiency  of  common  air  to 
admit  the  combudion  of  part  of  the  fulphur. 

2dly,  That  the  aerial  or  any  other  acid,  combined  with  the 
alkali,  mud  be  expelled  before  the  alkali  will  combine  with 
the  fulphur.  Liver  of  fulphur  exercifes  a  drong  folving  power 
on  the  earth  of  crucibles,  and  readily  pierces  through  them. 

A  2  The 
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The  above  experiment  feems  to  fhew  that  liver  of  folphtir 
will  not  yield  hepatic  air  without  the  addition  of  an  acid  ;  and 
I  believe  this  to  be  true  when  the  experiment  is  made  in  the 
dry  way,  and  nearly  fo  in  the  moiit  way  ;  for  having  added 
200  grains  of  fulphur  to  a  concentrated  folution  of  ftrong 
cauflic  vegetable  alkali,  by  a  ftrong  and  long-continued  heat  I 
obtained  only  1  cubic  inch  of  hepatic  air  ;  yet  it  is  well  known, 
that  a  flrong  folution  of  liver  of  fulphur  confiantly  emits  an 
hepatic  fmell,  even  in  the  temperature,  of  the  atmofphere  ; 
and  the  fubftance  fo  emitted  contains  fo  much  hepatic  air  as  to 
difcolour  filver  and  lead,  and  even  their  folution  s ;  wrhich 
fhews,  that  an  incomparably  fmall  quantity  of  this  air  is 
capable  of  producing  this  effedfc.  To  difcover  whether  this 
extrication  of  hepatic  air  might  be  caufed  by  the  depofition  of 
fixed  air  from  the  atmofphere,  1  threw  fame  pulverifed  calca¬ 
reous  hepar  into  aerated  water,  and  by  the  application,  of  heat 
endeavoured  to  obtain  hepatic  air,  but  in  vain  :  and,  indeed^ 
the  very  circumftance  that  the  hepatic  fmell,  and  its  effects, 
are  always  ftrongefl  the  firfh  inflant  that  a  bottle  of  the 
hepatic  folution  is  opened,  feems  to  indicate  that  fixed  air  is  no 
way  concerned  in  its  produftion. 

The  beft  liver  of  fulphur  is  made  of  equal  parts  of  fait  of 
tartar  and  fulphur ;  but  as  about  one-fifth  of  the  fait  of  tartar 
confifls  of  air  which  efcapes  during  the  operation,,  it  feems, 
that  the  proportion  of  fulphur  predominates  in  the  refulting 
compound;  yet  as  fame  of  the  fulphur  alfo  fublimes  and  burns, 
it  is  not  eafy  to  fix  the  exact  proportion,  ioo  grains  of  the; 
beft,  that  is,  the  reddeft  liver  of  fulphur,  afford,  with  dilute 
marine  acid,  about  40  cubic  inches  of  hepatic  air,  in  the  tem¬ 
perature  of  6o°  :  a  quantity  equivalent  to  about  13  grains  of 
fulphur,  as  will  be  feen  in  the  fequel. 

The 
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The  marine  acid  is  the  beft  adapted  to  the  production  of 
hepatic  air.  If  the  concentrated  nitrous  acid  be  ufed,  it  will 
afford  nitrous  air ;  but  having  diluted  fome  nitrous  acid,  whole 
fpecific  gravity  was  1,347,  with  20  times  its  bulk  of  wrater,  I 
obtained,  with  the  affiftance  of  heat,  as  pure  hepatic  air  as 
with  any  other  acid. 

The  concentrated  vitriolic  acid,,  poured  on  liver  of  fulphur* 
affords  but  little  hepatic  air  without  the  affiftance  of  heat, 
though  it  inftantly  decompofes  the  liver  of  fulphur ;  and  it  is 
•  partly  for  this  reafon.  that  the  proportion  of  air  is  fo  fmall ;  for 
it  is  during  the  gradual  decompofition  of  fulphureous  com* 
pounds  that  hepatic  air  is  produced. 

Diftilled  vinegar  extricates  this  air  in  the  temperature  of  the 
atmofphere.;  but  it  is  not  pure,  its  peculiar  fmell  being. mixed 
with  that  of  vinegar. 

The  acid  of  fugar  alfo  produced  fome  quantity  of  this  air  in 
the  temperature  of  590. 

20  grains  of  fedative  fait ,  or  acid  (as  it  fhould  more  properly 
be  called)  diffotved  in  an  ounce  of  water,  being  poured  on  liver 
of  fulphur,  afforded  hepatic  air  only  when  in  a  boiling  heat, 
or  nearly  fo. 

Neither  the  aerial  nor  arfenical  acids  produce  any.. 

Liver  of  fulphur  is  foluble  not  only:  in  water  but  in  fpffit  of 
wine,  and  in  cauftic  volatile  alkalies;  and  the  colour  of  both 
folutions  is  red.  Sulphur  is  precipitable  from  the  former  by 
the  addition  of  water  or  of  an  acid,  but  from  the  latter  only 
by  an  acid. 

Having  made  fome  liver  of  fulphur, .  in  which  the  pro-, 
portion  of  fulphur  much  exceeded  that  of  the  alkali,  I 
poured  on  part  of  it  fome  oil  of  vitriol,  whofe  fpecific  gravity 
was  1,863:  by  this  means  I  obtained  hepatic  air,  fo  loaded  a 

with;, 
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with  fulphur,  that  it  depofited  fome  in  the  tube  through 
which  it  was  tranfmitted,  and  on  the  upper  part  of  the  glafs 
receiver.  This  air  I  transferred  to  another  receiver;  but 
though  it  was  then  perfectly  clear  and  tranfparent,  and  amounted 
to  6  cubic  inches,  yet  the  next  morning  the  inflde  of  the  glafs 
was  thickly  lined  with  fulphur,  and  the  air  reduced  to  i  cubic 
inch,  which  was  pure  vitriolic  air.  Hence  it  appears,  firft,  that  a 
fpecies  of  elaftic  fluid  may  exifl:  in  a  ftate  intermediate  between 
the  aerial  and  the  vaporous,  which  is  not  permanently  elaftic 
like  air,  nor  immediately  condenfed  by  cold  like  vapour,  but 
which,  by  the  gradual  lofs  of  its  fpecific  heat,  may  be  reduced 
to  a  concrete  form.  2dly,  That  fo  large  a  quantity  of  ful¬ 
phur  may  be  combined  with  vitriolic  air,  as  to  enable  it  to  ex¬ 
hibit  the  properties  of  hepatic  air,  for  fome  time  at  lead:.  A 
mixture  of  three  parts  pulverifed  quick-lime  and  one  part  ful¬ 
phur,  heated  to  whitenefs  in  a  covered  crucible  for  one  hour, 
became  of  a  ftony  hardnefs,  and  being  treated  with  marine 
acid,  afforded  hepatic  air.  If  a  piece  of  this  ffone  be  heated 
in  pure  water  it  becomes  bluifh,  and  hence  the  origin  of  the 
blue  marles  generally  found  near  hot  fulphu rated  waters. 

A  calcareous  hepar  may  alfo  be  formed  in  the  moifl:  way,  as 
is  well  known. 

Magnefia  free  from  fixed  air,  heated  in  the  fame  manner 
with  fulphur,  afforded  no  hepatic  air  when  an  acid  was  poured 
on  it. 

I  alfo  procured  this  air  from  a  mixture  of  three  parts  filings  of 
iron  and  one  of  fulphur,  melted  together,  and  treated  with 
marine  acid.  It  is  remarkable,  that  this  fulphurated  iron,  dif- 
folved  in  marine  acid,  affords  fcarcc  any  inflammable,  but 
moffly  hepatic  air. 
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A  mixture  of  equal  parts  filings  of  iron  and  fulphur,, 
made  into  a  pafte  with  water,  after  heating  and  becoming 
black,  afforded  hepatic  air  when  an  acid  was  poured  on  it;  but 
this  hepatic  air  was  mixed  with  inflammable  air,  which  pro¬ 
bably  proceeded  from  the  uncombined  iron.  After  a  few  days, 
this  pafte  lofl:  its  power  of  producing  hepatic  air. 

M.  Bergman  has  remarked,  that  combinations  of  fulphur 
with  fome  other  metals  yield  hepatic  air. 

I  attempted  extracting  air  from  a  mixture  of  oil  of  olives  with 
cauflic  vegetable  alkali.  It  immediately  whitened,  and  on  ap¬ 
plying  heat  effervefced  fo  violently  as  to  pafs  over  into  the 
receiver  :  nor  had  I  better  fuccefs  on  adding  an  acid,  as  I  might 
well  forefee.  The  event:  was  different  when  on  a  few  grains  of 
fulphur  I  poured  fome  of  the  oil,  and  heated  them  in  a  phial 
with  a  bent  tube for  as  foon  as  the  fulphur  melted,  the  oil 
began  to  act  on  it,  grew  red,  and  emitted  hepatic  air,  fimilar 
to  that  produced  by.  other  proceffes. 

I  alfo  obtained  this  air  in  great  plenty  from  a  mixture  of  equal 
parts  fulphur  and  pulverifed  charcoal ,  out  of  which  its  adventi¬ 
tious  air  had  been  as  much  as  poffible  expelled  by  keeping  it  a 
long  time  heated  to  rednefs,  in  a  crucible  on  which  a  cover 
was  luted,  with  a  fmall  perforation  to  permit  the  air  to  efcape. 
This  air  was  inflammable,  as  appeared  by  holding  a  lighted 
candle  before  it  during  its  emiffion;  yet  it  is  hardly  poffible  to 
free  charcoal  wholly  from  foreign  air,  for  it  foon  re-attra£ls  it 
when  expofed  to  the  atmofphere. 

This  laft  mixture,  when  diflilled,  affording  a  large  quantity 
of  hepatic  and  fome  inflammable  air,  without  the  addition  of 
any  acid,  I  imagined,  that  as  the  retort  was  only  half  full,  it 
might*  contain  a  fufliciency  of  atmofpheric  air  to  admit  the - 
combuftion  of  part  of  the  fulphur,  and  thus  furniih  the  necef*  - 
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fary  acid ;  but  when  I  filled  the  retort  with  air  phlogifticated 
by  the  nitrous  teft  unto  1,8,  and  in  this  air  diftilled  the  above 
mixture,  the  refult  was  exadlly  the  fame  as  when  the  retort 
was  filled  with  atmofpheric  air. 

Six  grains  of  pyrophorus ,  made  of  alum  and  fugar,  effer- 
vefced  with  marine  acid,  and  afforded  2,5  cubic  inches  of  he¬ 
patic  air.  This  pyrophorus  had  been  made  fix  years  before, 
and  was  kept  in  a  tube  hermetically  fealed,  and  for  many  fu na¬ 
me  rs  expofed  to  the  ftrongeft  light  of  the  fun.  It  was  fo  com- 
buftible,  that  fome  grains  of  it  took  fire  while  it  was  intro¬ 
duced  into  the  phial  out  of  which  the  hepatic  air  was  expelled. 

A  mixture  of  two  parts  white  fugar  (previoufly  melted  in 
order  to  free  it  from  water)  with  one  part  fulphur,  when  heated 
to.  about  600  or  700  degrees,  gave  out  hepatic  air  very  rapidly. 
This  air  had  a  fmell  much  refembling  that  of  onions.  It  con¬ 
tained  no  fixed  air,  nor  faccharine,  or  other  acid;  but  fugar 
and  fulphur,  melted  together,  gave  out  no  hepatic  air  when 
treated  with  acids.  Water,  fpirit  of  wine,  and  marine  acid, 
de.compofe  this  mixture,  diffolvin.g  the  fugar,  and  leaving  the 
fulphur. 

,A  mixture  of  fulphur  and  plumbago  afforded  me  no  hepatic 
air. 

*  r 

I  then  tried  whether  fulphur  could  combine  with  elaffic 
fluids,  and  the  refults  were  as  follows. 

1 2  grains  of  fulphur,  heated  in  a  retort,  filled  with  metallic 
inflammable  air,  afforded  no  hepatic  air  ;  though  when  the  retort 
was  cold,  and  for  fome  time  expofed  to  the  air,  it  fmelled  of 
hepatic  air.  It  is  true,  the  heat  I  applied  might  be  infufficient ; 
for  the  inflammable  air  pafiing  over  with  a  flight  heat,  the 
mercury  afcended  lo  high  into  the  neck  of  the  receiver,  that, 
fearing  the  rupture  of  the  retort,  I  was  obliged  to  interrupt 

the 
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the  operation.  I  had  no  better  fuccefs  when  the  fulphur,  pre¬ 
vious  to  its  diflillation,  had  been  moiftened  with  marine  acid. 

Again,  I  expofed  18  grains  of  liver  of  fulphur  to  fix  cubic 
inches  of  fixed  air ,  thermometer  70%  for  four  days.  The 
liver  of  fulphur  was  fomewhat  whitened  on  the  furface ;  the 
air  had  not  an  hepatic  fmell,  but  rather  that  of  bread.  It  was 
not  converted  into  phlogifficated  air,  but  feemed  to  have  taken 
up  fome  fulphur,  which  lime-water  feparated.  It  was  not  in 
the  lead  diminilhed,  and  therefore  feems  to  have  received  an 
addition  of  hepatic  air,  or  rather  of  fulphur. 

I  alfo  expofed  a  quantity  of  fulphureo-niartial  pajle  to  fixed 
air,  for  five  days.  The  fixed  air  was  not  diminifhed,  but  re¬ 
ceived  a  (light  acceflion  of  inflammable  air.  The  pafte  itfelf, 
taken  out  of  this  air,  and  expofed  to  the  atmofphere,  heated 
ftrongly. 

Laftly,  I  expofed  3  grains  of  fulphur  to  about  12  cubic 
inches  of  marine  air .  It  was  not  dimrnifhed  in  four  days ;  nor 
was  the  fulphur  fenfibly.  On  adding  one  cubic  inch  of  water 
to  this  air,  it  was  abforbed  all  to  one  inch,  and  this  had  an  . 
hepatic  fmell ;  fo  that  neither  was  the  fulphur  decompofed, 
nor  the  marine  acid  converted  into  inflammable  air.  The  wa¬ 
ter  had  alfo  an  hepatic  fmell,  and  evidently  contained  fulphur ; 
for  it  precipitated  the  folution  of  filver  brown  mixed  with 
white,  and  the  nitrous  folution  or  copper  reddijh  brown ,  and 
when  vegetable  fixed  alkali  was  dropped  into  it,  let  fall  a  white 
precipitate,  namely,  the  fulphur. 
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SECTION  IL 

Of  the  general  Char  afters  of  Hepatic  u4ir. 

/  •  .  /  '* 

I  found  the  abfolute  weight  of  this  air  by  weighing  it  in  a  glafs 
Bottle,  previoufly  exhaufted  by  Mr.  Hurter’s  new  improved  air- 
pump,  whofe  effect  is  fo  conliderableas  to  leave  in  general  only 
T4-o  and  frequently  but  T^V-o-  part  of  unexhaufted  air.  This 
bottle  contained  1 1 6  cubic  inches  nearly;  and  this  quantity  of 
hepatic  air  weighed  38,58  grains,  the  thermometer  being  then 
67°, 5,  the  barometer  29,94,  and  M.  Saussure’s  hygrometer 
84°,  the  weight  of  1 16  cubic  inches  of  atmofpheric  air 
being  at  the  fame  time  34,87  grains;  hence  a  cubic  foot  of 
hepatic  air  weighs,  in  thefe  circumftances,  574,7089  grains, 
and  ico  cubic  inches  of  it  weigh  about  33  grains;  and  its 
weight,  relatively  to  that  of  common  air,  is  as  10000  to  9038 
This  hepatic  air  was  extracted  from  artificial  pyrites  by  marine 
acid. 

The  inflammability  of  this  air  has  been  already  mentioned. 
It  never  detonates  with  common  air  ;  nor  can  it  be  fired,  in  a 
narrow-mouthed  veffel,  unlefs  mixed  with  a.  confiderable  pro¬ 
portion  of  this  air.  Mr.  Scheele  found  it  to  inflame  when 
mixed  with  two-thirds  of  this  air.  According  to  M.  Sennebier 

*  Hence  the  weight  which  I  have  affigned  to  common  air  in  my  firft  paper,  after 
M.  Fontana,  is  evidently  erroneous ;  and,  indeed,  by  that  determination  com¬ 
mon  air  would  not  be  even  700  times  lighter  than  water,  in  the  temperature  of 
550,  5nd  the  barometer  29,5,  which,  contradids  all  barometrical  and  aerobatic 
experiments  :  and  I  cannot  omit  mentioning  the  very  near  agreement  of  the  weight 
of  common  air  here  found  with  that  refulting  from  the  calculation  of  Sir  George 
Shxjckburgh,  it  is  fo  great  as  to  differ  only  by  2  grains  in  a  cubic  foot. 

it 
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it  cannot  be  fired  by  the  eledtric  fpark,  even  when  mixed  with  any 
proportion  of  refpirable  air.  I  found  a  mixture  of  one  part  of  he¬ 
patic  air  and  1,5  of  common  air  to  bum  blue,  without  flafhing 
or  detonating.  During  the  combuftion  fulphur  is  conftantly 
depofited,  and  a  fmell  of  vitriolic  air  is  perceived.  A  mixture  of 
half  hepatic  and  half  nitrous  air  burns  with  a  bluifh,  green, 
and  yellow  lambent  flame;  fulphur  is  alfo  depofited,  and  in 
proportion  as  this  is  formed,  a  candle  dipped  in  this  air  burns 
more  weakly,  and  is  at  laft  extinguifhed.  A  mixture  of  twro 
parts  nitrous  and  one  of  hepatic  air  partially  burns,  with  a 
green  flame,  and  a  candle  is  extinguifhed  in  the  refiduum, 
which  then  reddens  on  coming  in  contact  with  atmofpheric  air. 
I  made  a  mixture  of  one  part  nitrous  and  one  part  hepatic  air, 
and  to  this  admitted  one  part  alfo  of  common  air ;  the  inftant 
the  common  air  was  introduced,  fulphur  was  precipitated, 
and  the  three  meafures  occupied  the  fpace  of  2,4  meafures  ; 
this  burned  on  the  furface  with  a  wide  greenifh  flame,  but 
the  candle  was  extinguifhed  when  funk  deeper. 

A  mixture  of  four  parts  common  air  and  one  part  hepatic 
burned  blue  and  rapidly  ;  but  a  mixture  of  one  part  dephlo- 
gifticated  and  one  part  hepatic,  which  had  flood  eight  days, 
went  off  with  a  report  as  loud  as  that  of  a  piftol,  and  fo  inftan- 
taneoufly  that  the  colour  of  the  flame  could  fcarce  be  difcerned. 

Every  fpecies  of  hepatic  air  turns  the  tindiure  of  litmus  red. 
M.  Bergman  feems  to  think,  that,  if  this  air  were  wafhed, 
it  would  not  produce  this  effect;  yet,  when  I  had  patted  two 
meafures  of  it  through  one  of  water,  or  when  I  had  boiled  it 
out  of  water  impregnated  with  it,  or  even  when  I  pafled  that 
which  had  already  reddened  litmus,  into  a  frefh  quantity  of 
litmus,  it  ftill  preferved  the  fame  property,  which  I  therefore 
confider  as  effential  to  it. 

B  2 
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With  refpeft  to  fallibility  in  water ,  hepatic  airs  extracted 
from  different  materials  differ  confiderably.  In  the  temperature 
of  66°,  water  diflolves,  by  flight  agitation,  two-thirds  of  its 
bulk  of  alkaline  or  calcareous  hepatic  air,  extracted  by  marine 
acid  ;  three-fourths  of  its  bulk  of  martial  hepatic  air,  extracted 
by  the  fame  acid  ;  eight-tenths  of  that  extracted  by  means  of 
the  concentrated  vitriolic  acid,  or  the  dilute  nitrous  or  faccha- 
rine  acids  in  the  temperature  of  6o° ;  feven  tenths  of  fedative 
hepatic  air;  nine-tenths  of  acetous  hepatic  air,  and  of  that 
afforded  by  oil  of  olives ;  and  its  own  bulk  of  that  produced 
from  a  mixture  of  fugar  and  fulphur.  In  general,  I  imagined 
that  which  required  moft  heat  for  its  produ&ion  to  be  moft 
foluble  :  though  in  fome  inftances,  particularly  that  of  acetous 
hepatic  air,  that  circumftance  does  not  take  place. 

But  the  moft  remarkable  phenomenon  attending  the  union 
of  hepatic  air  with  water  is,  that  it  is  not  permanent.  Even 
water,  out  of  which  its  own  air  had  been  boiled,  in  a  few 
days  after  faturation  with  hepatic  air  grows  turbid,  and  in  a 
few  weeks  depofits  mod:  of  it  in  the  form  of  fulphur,  though 
the  bottle  be  ever  fo  well  flopped,  or  ftand  inverted  in 
water  or  mercury.  Yet  water  no  way  decompofes  hepatic  air 
by  abforbing  it  ;  for  the  part  left  unabforbed  by  a  quantity  of 
water  is  abforbable  by  a  larger  quantity  of  water,  and  burns 
like  other  hepatic  air.  Heat  does  not  expel  this  air  from  water, 
until  carried  to  the  degree  of  ebullition. 

No  fpecies  of  hepatic  air,  which  I  have  examined,  precipi¬ 
tates  lime  from  lime-water ,  except  the  carbonaceous  ;  and  even 
this  fcarcely  produces  a  fenfible  precipitation,  unlefs  a  large 
quantity  of  it  be  made  to  pafs  through  a  fmall  quantity  of 
lime-water. 


The 
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The  folution  of  acetous  baro-felenite>  (that  is,  ponderous  earth 
diholved  in  dihilled  vinegar)  is  rendered  brown  and  turbid  by 
this  air,  but  that  of  marine  baro-felenite  is  not  altered ;  nor  are 
the  folutions  of  other  earths.  Metallic  folutions  are  affe&ed 
by  it  in  the  fame  manner  as  by  hepatic  water,  of  which  I  fhali 
treat  in  the  fifth  febtion. 

But  of  all  the  tehs  of  hepatic  air,  the  moh  delicate  and  fen- 
fible  is  the  folution  of  fiver  in  the  nitrous  acid.  This,  according 
as  the  nitrous  acid  is  more  or  lefs  faturated  with  filver,  becomes 
black,  brown,  or  reddifh  brown,  by  contact  with  hepatic  air 
however  mixed  with  any  other  air  or  fubhance.  When  the 
acid  is  not  faturated,  or  is  in  large  proportion,  the  brown  or 
black  precipitate,  which  is  nothing  but  fulphurated  filver,  is 
re-diffolved. 

It  fhould  alfo  be  remarked,  that  all  hepatic  air  is  fomewhat 
diminifhed  by  long  handing  on  mercury,  whofe  furface  is  then 
blackened  by  it.  This  is  particularly  the  cafe  of  carbonaceous 
hepatic  air,  which  certainly  carries  over  and  volatilizes  part  of 
the  charcoal  from  which  it  is  extracted,  efpecially  that  portion 
of  air  which  comes  over  in  the  greateh  heat ;  this  it  depofits 
on  the  addition  of  water. 

SECTION  III. 

Of  the  Action  of  Hepatic  and  other  Aerial  Fluids  on  each  other. 

Six  cubic  inches  of  common  and  fix  of  hepatic  air  being 
mixed  with  each  other,  and  handing  over  mercury  for  eight 
davs,  were  not  in  the  leah  altered  in  their  dimenfions  or  other- 

v  7 

wife  ;  though  a  diminution  of  a  part  might  be  perceived. 

The  mercury  was  {lightly  blackened.  The  event  was  the  fame 

when 
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when  three  meafures  of  common  and  one  of  hepatic  air  were  ufed. 
Water  took  up  the  hepatic  air.  No  fixed  air  was  found. 

Five  meafures  of  hepatic,  and  five  of  dephlogiflicated  air  fo 
pure  that  one  meafure  of  it  and  two  of  nitrous  air  made  only 
three-tenths  of  a  meafure,  remained  unaltered  for  eight  days, 
the  mercury  only  being  blackened.  No  fixed  air  was  produced, 
nor  the  dephlogiflicated  air  phlogifticated.  When  the  mixture 
was  fired,  it  went  off  all  at  once  with  aloud  report. 

Four  meafures  of  phlogifticated  and  four  of  hepatic  air  re¬ 
mained  undiminifhed  for  fixteen  days:  water  then  took  up  the 
hepatic,  and  left  the  phlogifticated  air. 

Four  meafures  of  inflammable  and  four  of  hepatic  air  remained 
unaltered  for  fix  days. 

Two  meafures  of  hepatic  and  two  of  marine  acid  air  buffered 
no  diminution  in  three  days.  The  mercury  on  which  they 
ftood  was  not  blackened.  Water  took  up  both,  and  precipitated 
the  folution  of  filver  black. 

The  fame  quantity  of  hepatic  and  fixed  air  remained  four 
days  without  any  fenfible  diminution.  Four  meafures  of  water 
abforbed  the  greater  part  of  both,  had  an  hepatic  fmell,  preci¬ 
pitated  lime  from  its  folution,  and  alfo  filver,  as  ufual.  The 
refiduum  extinguifhed  a  candle. 

But  'vitriolic ,  nitrous ,  and  alkaline  airs  had  very  remarkable 
effedls  on  hepatic  air. 

Two  meafures  of  hepatic  being  introduced  to  two  of  vitriolic 
air ,  a  whitifh  yellow  depofition  immediately  covered  both  the 
top  and  fides  of  the  jar,  and  both  airs  were,  without  any  agi¬ 
tation,  reduced  to  little  more  than  one  meafure ;  but  the  opa¬ 
city  of  the  incrufted  glafs  prevented  my  then  afcertaining  the 
diminution  with  precifion.  Hence  I  repeated  this  experiment 
more  at  large,  in  the  following  manner.  To  five  meafures  of 
vitriolic  air  (each  meafure  containing  a  cubic  inch)  I  added  one 

of 
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of  hepatic  air.  In  lefs  than  a  minute,  without  any  agitation, 
the  fides  of  the  glafs  were  covered  with  a  whitifh  fcum,  which 
feemed  moift,  and  a  diminution  took  place  of  more  than  one 
meafure.  In  four  hours  after,  I  introduced  a  fecond  meafure  of 
hepatic  air,  which  was  followed  by  a  fimilar  diminution  and 
depofit.  The  next  day  I  added  three  more  meafures  of  this  laft, 
at  the  interval  of  four  hours  between  each  ;  and  hill  finding  a 
confiderable  diminution  after  each,  I  the  following  day  added 
another  meafure ;  the  diminution  produced  by  this  lad:  ap¬ 
peared  to  me  not  to  exceed  one  meafure.  I  then  poured  off  the 
refiduary  air  into  another  jar,  and  found  it  not  to  exceed  three 
meafures  ;  fo  that  here  eleven  meafures,  namely,  five  of  vi¬ 
triolic  and  fix  of  hepatic  air,  were  reduced  to  three.  Into  one 
meafure  of  this  refiduary  air  I  introduced  a  lighted  candle  :  it 
was  immediately  quenched.  To  the  two  remaining  meafures 
I  added  one  meafure  of  water  :  by  agitation  it  took  up  four- 
tenths  of  its  bulk.  To  part  of  the  remainder  I  added  nitrous 
air,  which  had  no  effect  upon  it.  Another  part  of  it  extin- 
guifhed  a  candle.  It  had  not  a  vitriolic  fmell. 

The  water  which  had  taken  up  four-tenths  of  its  bulk  of 
this  air  did  not  precipitate  lime  ;  nor  did  it  affedl'  acetous  baro- 
felenite  in  lefs  than  a  quarter  of  an  hour,  and  then  produced  a 
very  flight  cloud.  It  fenfibly  reddened  litmus,  and  precipitated 
the  foliation  of  filver  white ;  and  hence  it  appears  to  have  taken 
up  a  very  minute  portion  of  vitriolic  acid.  And  what  was  not 
taken  up  by  water  feems  to  have  been  mere  phlogifticated  air. 

I  afterwards  wafhed  the  fulphur,  which  coated  the  jar,  with 
diflilled  water.  This  water  (lightly  reddened  litmus,  precipi¬ 
tated  not  only  the  acetous,  but  alfo  marine  baro-felenite  co- 
pioufly,  as  well  as  marine  and  nitrous  felenite ;  alfo  the  nitrous 
folutions  of  filver,  lead,  and  mercury,  all  white.  It  even 

precipitated 
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precipitated  lime  from  lime-water,  forming  a  cloud  in  it, 
which  neither  the  fixed  nor  volatile  acid  of  vitriol  can  produce. 
Hence  this  water  contained  nothing  hepatic  ;  but,  on  the  con¬ 
trary,  a  confiderable  proportion  of  the  aerial  and  vitriolic 

acids  *. 

With  nitrous  air  I  made  the  following  experiments.  Firft, 
I  found  that  two  meafures  or  cubic  inches  of  nitrous  and  two 
of  hepatic  air  were  little  altered  when  firft  mixed,  even  by 
agitation ;  but  after  thirty-fix  hours  both  were  reduced  to 
nearly  one-third  of  the  whole,  but  fomething  more.  Yellow 
particles  of  fulphur  were  depofited  both  on  the  mercury,  and 
on  the  tides  of  the  jar,  but  the  mercury  was  not  blackened. 
The  refiduary  air  had  ftill  an  hepatic  fmell,  and  was  fomewhat 
further  diminifhed  by  water;  and  in  the  unabforbed  part  a 
candle  burned  naturally.  The  water  had  all  the  properties  of 
hepatic  water. 

Perceiving  by  this  experiment  that  I  had  not  employed 
enough  of  nitrous  air  to  condenfe  the  hepatic  perfectly,  to 
eight  cubic  inches  of  hepatic  air  I  added  nine  of  nitrous  air, 
all  at  once  ;  a  yellowifh  cloud  inftantly  appeared,  a  flight  white 
fcum  was  depofited  on  the  fides  of  the  jar,  and  the  whole 
feemed  diminifhed  about  two  cubic  inches,  or  between  one- 
ninth  and  one-eighth,  the  temperature  of  the  room  being 
then  7  2°.  I  then  laid  by  the  mixture,  and  in  forty-ei  ght 
hours  after,  I  found  the  whole  reduced  to  fix  cubic  inches,  and 
the  top  and  fides  of  the  jar  covered  with  a  white  cake  of  ful¬ 
phur,  the  heat  of  the  room  being  conftantly  kept  between 
6o°  and  7 o°.  Finding  the  diminution  to  reach  no  further  in 

*  Note,  the  vitriolic  acid  air  here  employed  was  the  pureft  poffible ;  it  was 
citrafted  from  fulphur  diddled  with  precipitate  per  ft. 

twenty- 
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twenty-four  hours  more,  I  examined  the  refiduary  air.  It 
exhibited  the  following  appearances. 

i°,  It  had  the  fmell  of  alkaline  air  pretty  ftrongly;  at  lead 
that  fmell  ififued  from  the  jar  that  contained  it  after  the  air 
itfelf  was  poured  into  another  jar. 

2°,  A  candle  burned  in  it  naturally. 

30,  It  did  not  affedt  tindture  of  litmus  or  lime-water,  or  ace¬ 
tous  barytes. 

4°,  No  fpecies  of  air  had  any  effect  on  it  except  the  dephlo- 
gifticated,  with  which  it  produced  a  flight  rednefs  and  dimi¬ 
nution. 

5°,  It  produced  a  flight  white  precipitate  in  folution  of 
filver. 

It  is  plain,  this  air  is  the  fame  as  that  which  Dr.  Priest¬ 
ley  calls  dephlogifticated  nitrons  air ,  and  which,  I  think,  may 
more  properly  be  called  deacidified  nitrous  air .  A  further  exa- 
initiation  of  it  would  lead  me  too  far  from  the  prefent  fubjedt:  I 
fhall  therefore  defer  it  until  another  opportunity. 

As  it  appeared  to  me,  from  the  experiment  mentioned  in  the 
fecotid  fedtion  (in  which  I  found  fulphur  precipitated  from  a 
mixture  of  nitrous  and  hepatic  air,  immediately  after  the  ad- 
miffion  of  common  air)  that  an  uncombined  acid  in  the  nitrous 
air  was  the  caufe  of  the  precipitation  of  fulphur  ;  I  attempted 
depriving  nitrous  air  of  any  loofe  acid  it  might  contain,  before 
I  fhould  mix  it  with  hepatic  air. 

iff,  I  made  fome  nitrous  air  from  fiver  very  carefully  over 
boiled  and  filtered  water,  and  found  it  to  contain  an  acid,  for  it 
ftrongly  reddened  tindture  of  litmus. 

2dly,  I  admitted  alkaline  air  to  this  nitrous  air  until  it  no 
longer  caufed  any  cloud,  and  then  wafhed  out  the  ammoniacal 
compound  in  diftilled  water ;  after  which  I  transferred  this 

C  purified 
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purified  nitrous  air  to  the  mercurial  tub.  It  appeared  (o  lofe, 
by  privation  of  its  acid,  about  one-fixth  of  its  bulk ;  and  it  was 
diminished  by  common  air  juft  in  the  fame  manner  as  unpu¬ 
rified  nitrous  air  is. 

Then  to  8  cubic  inches  of  this  purified  nitrous  air  I  admitted 
all  at  once  7  cubic  inches  of  hepatic  air.  No  cloud,  diminu¬ 
tion,  or  depofit,  appeared ;  but  in  fix  hours  after  (the  tempera¬ 
ture  of  the  room  being  all  the  time  at  76°),  the  whole  was 
reduced  to  5  cubic  inches ;  the  diminution  went  no  further 
eighteen  hours  after.  Sulphur,  much  whiter  than  in  the  for" 
mer  experiments,  was  depofited,  and  both  in  this  and  in  the 
former  experiments  that  part  of  it  which,  by  the  rifing  of  the 
mercury,  was  intercepted  between  it  and  the  jar,  was  of  a 
yellow  and  red  f  fining  colour,  and  not  black  as  that  depofited 
on  mercury  ufually  is.  The  refiduary  air  flalhed  with  fo  much 
vehemence  as  to  extinguifh  the  candle  dipped  into  it,  by  the  vio¬ 
lence  of  the  blaft.  The  flame  was  exceeding  white  and  vivid  ; 
but  it  did  not  detonate  in  the  leaft,  but  rather  refembled  de- 
phlogifticated  air.  The  jar  out  of  which  it  had  been  transferred 
had  a  (harp  alkaline  finell. 

This  air  was  not  in  the  leaft  diminifhed  by  nitrous  air,  even 
when  heated  to  150  degrees;  which  heat  I  contrived  to  produce 
by  palling  the  upper  part  of  the  jar  that  contained  this  air 
into  another  wider  jar,  furnifhed  with  a  perforated  cork  bottom, 
and  filling  this  with  water  heated  to  that  degree. 

Water  poured  into  the  jar  in  which  the  fulphur  was  depo¬ 
fited,  produced  a  bluifh  white  cloud  in  foliation  of  fiver, 
though  infipid  to  the  tafte. 

Hence  it  appears  to  me,  that,  whatever  this  air  may  be,  it 
had  been  deacidified  by  hepatic  air  ftill  more  perfectly  than 

-  -  '  -  that 
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that  in  which  a  candle  burns  naturally;  and  that  it  is  by  no 
means  dephlogifticated. 

Laftly,  Alkaline  and  hepatic  airs,  perfedlly  pure  and  mixed 
in  proper  proportions,  would  probably  deftroy  each  other  com¬ 
pletely,  though  I  have  not  been  able  to  effedt  this  inti  rely. 
Six  meafures  of  hepatic  air  from  liver  of  fulphur  and  6  of  alka¬ 
line  air  immediately  throw  up  a  white  cloud,  leave  a  whitifh 
fcum  on  the  lidss  of  the  jar,  and  are  reduced  to  about  1  mea- 
fure.  O11  adding  water  this  is  reduced  to  about  one-half;  and 
in  this  I  found  a  candle  to  burn  naturally  :  but  the  following 
experiments,  being  made  with  more  care,  prove  that  this  reii- 
duary  air  was  only  the  common  air  of  the  veffels. 

To  6  cubic  inches  of  calcareous  hepatic  air  I  admitted,  all  at 
once,  7  of  alkaline  air ;  a  white  cloud  and  a  little  white  fcum 
at  firft  appeared  ;  but  in  a  few  feconds  the  whole  was  reduced 
to  fixTevenths  of  a  cubic  inch  *,  and  on  adding  2  meafures  of 
water,  only  one-ninth  of  a  cubic  inch  of  air  remained.  This 
could  not  be  inflamed.  The  water,  thus  impregnated,  preci¬ 
pitated  a  folution  of  fiver  black.  In  this  experiment  great ' 
care  was  taken  to  have  each  of  the  mixed  airs  as  pure  as  polli- 
ble,  and  the  alkaline  was  admitted  all  at  once,  inftead  of  by 
different  portions,  merely  with  that  view  ;  and  it  is  probable, 
that,  if  the  due  proportion  were  hit  upon,  nothing  would 
remain.  The  fcum  appears  to  be  almofl:  liquid,  and  as  foon 
as  the  jar  is  emptied  of  mercury,  it  breaks  out  into  a  white 
frnoke,  with  an  exceeding  fharp  urinous  fmelL  / 

Five  meafures  of  martial  hepatic  air  were,  upon  the  admiffi on 
of  5 1  of  alkaline  air,  reduced  to  fomething  more  than  one  mea- 
fure,  and  upon  the  addition  of  water  there  remained  but  half  a 
meafure;  and  this  was  inflammable,  with  detonation;  the 
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inflammable  ail*  undoubtedly  proceeding  from  the  folution  of 
the  iron. 

Five  cubic  inches  of  faccharine  hepatic  air,  mixed  with  5  of 
alkaline  air,  were  diminifned  more  flowly ;  for  after  five  mi¬ 
nutes  there  ftil.l  remained  4,5  cubic  inches.  I  then  added  ano¬ 
ther  meafure  of  alkaline  air :  in  three  hours  after  there  re¬ 
mained  but  1,25  cubic  inches.  In  palling  this  refiduum  through 
water  it  was  reduced  to  about  half  a  cubic  inch  ;  and  this 
burned  with  a  blue  lambent  flame,  without  leaving  a  vitriolic 
fmell  or  any  depofit  on  the  glafs ;  fo  that  it  clearly  was  inflam¬ 
mable  air  from  the  fugar. 

I  once  imagined  1  had  obtained  inflammable  air  from  a  mixr 
ture  of  alkaline  air  with  hepatic  air  drawn  from  liver  of  ful- 
phur ;  but  1  afterwards  found  this  inflammable  air  proceeded 
from  a  very  flight  contamination  of  zinc. in  the  mercury  over 
which  my  airs  had  been  produced ;  the  alkaline  air  adled  011 
this  zinc,  and  muff  have  produced  the  inflammable  air;  for 
when  I  afterwards  received  and  mixed  thefe  airs  over  mercury, 
perfe&ly  purified,  I  obtained  no  more  inflammable  air, 

SECTION  IV, 

Of  the  Action  of  Hepatic  Air ,  and  Acid,  Alkaline ,  and  Inflam - 

mable  Liquids ,  on  each  other . 

One  meafure  of  oil  of  vitriol,  whofe  fpecific  gravity  was  1,863, 
abforbed  two  meafures  of  hepatic  air  all  to  one-tenth.  The  acid 
was  whitened  by  a  copious  depofition  of  fulphur.  I  alfo  intro¬ 
duced,  over  mercury,  a  meafure  of  red  nitrous  acid,  whofe  fpeci- 
lic  gravity  was  1,430,  to  an  equal  meafure  of  hepatic  air;  red 
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vapours  inflantly  arofe,  and  only  one- tenth  or  one- twelfth  of 
a  meafure  remained  in  an  aerial  form  ;  but  as  the  acid  a&ed  on 
the  mercury,  I  was  obliged  to  carry  the  jar  into  the  water  tuby 
by  which  means  the  whole  was  abforbed,:  no  fulphur  was  here 
precipitated, 

X  repeated  this  experiment  in  another  manner.  Having  pro-, 
duced  4,5  meafures  of  hepatic  air  over  mercury,  I  transferred 
them  to  the  water  tub,  and  inflantly  by  means  of  a  fyphon  blew 
into  them  one  meafure  of.  the. above  concentrated  nitrous  acid;, 
but  though  I  managed  as  quickly  as  poflible,  the  hepatic  air 
was  fomething  diminifhed  by  contact  with  the  water,  before  thu 
acid  had  entered  the  tube  that  contained  the  air.  I  then  flopped 
the  tube  with  a  ground  glafs  flopper,  and  laid  it  by  for  twelve 
hours;  after  which  interval,.  I  found  the  liquor  in  the  tuba 
white  and  turbid,  and.  but  weakly  acid,  much  water  having 
entered  in  fpite,  of  my  endeavours  to  exclude  it.  The  remains 
ing  air  flightly  detonated  on  prefenting  to  it  a  lighted  candle,, 
and  had  an  hepatic  fmelL  But  as  this  hepatic  air  was  obtained 
from  fulphureo-martial  pafle,  it  does  not  prove  that  inflammable 
air  enters  into  the  compofltion  of  other  hepatic  airs,  derived 
from  the  union  of  fulphur  with  fubflances  that  do  not  yield 
inflammable  air.. 

Finding  it  fo  difficult  to  fubject  hepatic  air  to  the  direfl 
action.  of.  the  concentrated  nitrous  acid,  I  diluted  it  to  that  pre-  - 
cife  degree  at  which  it  could  not  aft  on  mercury  without  the. 
afliflance  of  heat,  and  then  paffed  through  it  an  equal  bulk  of 
the  fame  hepatic  air  ;  the  acid  was  whitened,  and  eight-tenths  , 
of  the  air  abforbed,:  and  the  refiduum  detonated.  Repeating, 
the  fame  experiment  with  hepatic  air  from  liver  of  fulphur,  X 
found  flill  more  of  it  abforbed  by  the  acid ;  but  the  refiduum 
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no  longer  detonated,  but  burned  with  a  blue  and  greenifh 
flame,  and  fulpimr  was  depofited  on  the  {ides  of  the  jar, 

Obferving  this  dilute  acid  to  abforb  nearly  three  times  its 
bulk  of  alkaline  hepatic  air,  I  expelled  this  air  from  it  by  heat, 
but  obtained  only  one-fixth  of  the  air  that  had  been  abforbed ; 
and  in  this  a  candle  burned  naturally. 

Two  meafures  of  alkaline  hepatic  air,  being  expofed  to  one 
of  ftron'g  marine  acid,  were  abforbed,  by  flight  agitation,  all  to 
one-fifth  of  a  meafure.  A  third  meafure  of  air  being  then 
added,  there  remained,  after  fome  agitation,  but  half  a  mea¬ 
fure.  Sulphur  was  precipitated  as  ufual ;  but  the  mercury 
over  which  the  acid  flood  attrafded  it  from  the  acid  ;  for  it  was 
blackened,  which  did  not  happen  when  the  former  acids  were 
ufed.  The  refiduum  burned  juft  as  pure  hepatic  air. 

Dlflllled  vinegar  abforbs  nearly  its  own  bulk  of  air,  and  be¬ 
comes  (lightly  whitened  ;  but  by  agitation  it  may  be  made  to 
take  up  about  twice  it  bulk,  and  then  becomes  very  turbid. 

One  meafure  of  caujllc  vegetable  alkali ,  whofe  fpecific  gra¬ 
vity  was  1,043,  abforbed  nearly  four  meafures  of  alkaline  he¬ 
patic  air.  It  was  at  firft  rendered  brown  by  it ;  but  after  fome 
time  it  grew”  clear,  fulphur  was  depofited,  and  the  furface  of  the 
mercury  blackened.  This  fhews  that  alkalies  are  not  dephlo- 
gifticated  by  filver  or  other  metals,  as  Mr.  Baume  imagined, 
but  only  cleared  of  part  of  the  fulphur,  which  they  commonly 
contain,  it  being  formed  by  the  tartar  vitriolate  contained  in 
the  plant,  and  coal,  during  combuftion. 

One  meafure  of  caujllc  volatile  alkali ,  whofe  fpecific  gravity 
was  0,9387,  abforbed  18  of  hepatic  air.  If  the  cauftic  liquor 
contained  more  alkali,  it  would  abforb  more  hepatic  air,  as  6 
meafures  of  hepatic  unite  to  7  of  alkaline  air  ;  and  thus  the 
flrength  of  alkaline  liquors,  and  their  real  contents,  may  be 
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determined  better  than  by  any  other  method.  Alfo  the  finoak- 
ing  liquor  of  Boyle,  which  is  difficultly  prepared  in  the  ufual 
way,  may  eafily  be  formed  by  placing  the  volatile  alkali  in 
the  middle  glafs  of  Dr.  Nooth’s  apparatus  for  making  arti¬ 
ficial  mineral  waters,  and  decompofing  artificial  pyrites,  or  liver 
of  fulphur,  in  the  lower  glafs,  by  marine  acid. 

Oil  of  olives  abforbs  nearly  its  own  bulk  of  this  air,  and  ob¬ 
tains  a  green ifh  tinge  from  it. 

But  new  milk  fcarcely  abforbs  one-tenth  of  its  bulk  of  this 
air,  which  is  very  remarkable,  and  is  not  in  the  leaft  coagu¬ 
lated. 

Oil  of  turpentine  alfo  abforbs  it's  own  bulk  of  this  air,  and 
even  more ;  but  then  becomes  turbid.  Water  feems  alfo  to 
precipitate  this  air  from  it,  for  when  fhaken  with  it  a  white 
cloud  appears. 

Spirit  of  wine ,  whofe  fpecific  gravity  was  0,835,  abforbed 
nearly  three  times  its  bulk  of  this  air,  and  became  brown.  By 
this  means  fulphur  may  be  combined  with  fpirit  of  wine  much 
more  eafily  than  by  Count  Lauragais’  method,  the  only 
hitherto  known.  Water  precipitates  the  fulphur  in  part. 

Sulphurated  fpirit  of  .  wine  does  not  tinge  litmus  red ;  but  it 
precipitates  lime-water,  as  highly  re&ifled  fpirit  of  wine  fingly 
does.  It  alfo  precipitates  and  gives  a  brown  colour  to  acetous 
baro-felenite,  which  fpirit  of  wine  alone  alfo  does.  It  turns 
the  folutioii  of  filver  black  and  reddifh  brown.  Concentrated 
vitriolic  acid  precipitates  the  fulphur  from  it,  which  neither  the.  . 
nitrous  nor  marine  acids  can  effedl. 

When  hepatic  air  is  mixed  with  an  equal  bulk  of  vitriolic  tether, 
the  bulk  of  the  air  is  at  firft  increafed  ;  but  afterwards  half  of 
it  is  abforbed,  and  a  flight  precipitation  appears.  The  fmell  of 
the  asther  is  mixed  with  that  of  the  hepatic  air ;  but  on  adding 

water  ■; 
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water  it  becomes  very  ofFenf  ve,  refembling  that  of  putrefying 
animal  fubftances. 

To  one  meafure  of  hepatic  air  I  added  1,5  of  the  nitrous 
folution  of  fiver:  the  air  was  immediately,  without  agitation, 
reduced  to  half  a  meafure,  and  the  folution  blackened.  The 
remaining  air  admitted  a  candle  to  burn  naturally.  Hepatic  air 
was  alfo  abforbed,  but  not  fo  readily,  nor  in  fuch  quantity,  by 
the  folution  of  vitriols  of  iron  and  fiver  ;  that  of  fiver  was 
blackened  ;  that  of  iron  at  firf:  becamewhite,  but  by  agita¬ 
tion  darker.  The  refiduary  air  burned  blue,  as  hepatic  air 
ufually  does. 


SECTION  V. 

i 
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Of  the  Properties  of  Water  faturated  with  Hepatic  Air . 

This  water  turns  tin&ure  of  litmus  red. 

It  does  not  affedt  lime-water. 

It  does  not  form  a  cloud  in  the  folution  of  marine,  though 
it  does  in  that  of  acetous  baro-felenite. 

The  foiutions  of  other  earths  in  the  mineral  acids  are  not 
altered  by  it. 

When  dropped  into  a  folution  of  vitriol  of  iron  or  marine 
fait  of  irony  it  produces  a  white  precipitate. 

In  nitrous  fait  of  copper  it  caufes  a  brown  precipitate,  and 
the  liquor  is  changed  from  blue  to  green.  The  precipitate  re- 
diffolves  by  agitation.  In  vitriol  of  copper  it  forms  a  black 
precipitate. 

The  folution  of  tin  in  aqua  regia  is  precipitated  by  it  of  a 
yellowifh  white  colour ;  that  of  goldy  black  ;  that  of  regulus  of 
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antimony ,  red  and  yellow ;  that  of  platina ,  red  mixed  with 
white.  ' 

The  folution  of  Jilver  in  the  nitrous  acid,  and  alfo  that  of 
lead,  whether  in  the  acetous  or  nitrous  acid,  are  precipitated 
black.  If  the  folutions  are  not  perfectly  faturated  with  metal, 
the  precipitates  will  be  brown  or  reddifh  brown,  and  may  be  re- 
diflolved  by  agitation. 

The  nitrous  folution  of  mercury  is  precipitated  of  a  yellowifh 
brown  ;  that  of  fublimate  corrofive,  yellow  mixed  with  black  ; 
but  by  agitation  it  becomes  white. 

The  nitrous  folution  of  bifmuth  becomes,  by  mixture  with 
this  water,  reddifh  brown,  and  even  affumes  a  metallic  ap¬ 
pearance  ;  that  of  cobalt  becomes  dark ;  that  of  zinc,  of  a 
dirty  white ;  that  of  arfenic ,  in  the  fame  acid,  yellow  mixed 
with  red  and  white,  orpiment  and  realgar  being  formed. 

If  oil  of  vitriol ,  whofe  fpecihc  gravity  is  1,863,  he  ^roPPed 
into  hepatifed  water,  it  renders  it  (lightly  turbid;  but,  ifthe 
volatile  vitriolic  acid  be  dropped  into  it,  a  bluifh  white  and 
much  denfer  cloud  is  formed  in  the  water. 

Strong  nitrous  acid ,  whether  phlogidicated  or  not,  caufes  a 
copious  white  precipitation ;  but  dilute  nitrous  acid  produces  no 
change.  Green  nitrous  acid,  whofe  fpecific  gravity  was  1,328, 
immediately  precipitated  fulphur  from  it. 

Strong  marine  acid  produced  a  (light  cloud ;  but  neither 
diflilled  vinegar  nor  acid  of  fugar  had  any  effect. 

It  is  faid  by  Mr.  Bergman,  that  hepatifed  water  in  a  well 
clofed  vefl'el  eftedls  a  folution  of  iron  in  a  few  days  ;  but  this 
experiment,  on  repeated  trials,  did  not  fucceed  with  me  ;  nor 
could  I  diflolve  any  other  metal  in  this  water  ;  the  fulphur 
indeed  unites  to  many  of  them,  but  forms  an  infoluble  mafs ; 
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fo  that,  I  prefume,  metallic  fubftances  can  never  be  found  in 
hepatifed  mineral  waters. 

SECTION  VI. 

Of  the  Properties  of  Alkaline  Liquors  impregnated  with  Hepatic 

Air. 

I  have  already  mentioned  the  proportion  of  air  they  are  able 
to  take  up.  Colourlefs  fixed  alkaline  liquors  receive  a  browniffr 
tinge  from  this  air.  The  refiduum  they  leave  is  of  the  fame 
nature  as  the  part  they  abforb. 

A  cauftic  fixed  alkaline  liquor,  faturated  with  this  air,  precipi¬ 
tates  barytes  from  the  acetous  acid,  of  a  yellowifh  white  colour. 
It  alfo  decompofes  other  earthy  folutions,  and  the  colour  of  the 
precipitates  varies  according  to  their  purity,  and  perhaps  this 
teft  might  be  fo  far  improved  as  to  fupply  the  place  of  the 
Prufiian  alkali. 

0  .  .  .  <  .. 

It  precipitates  the  folution  of  vitriol  of  iron,  and  alfo  ma¬ 
rine  fait  of  iron,  black ;  but  this  latter  generally  whitens  by 
agitation.  That  which  I  ufed  was  very  faturate. 

The  folutions  of  fiver  and  lead  are  alfo  precipitated  black 
with  fome  mixture  of  white  ;  that  of  gold  is  alfo  blackened  ; 
but  that  of  platina  becomes  brown. 

Solutions  of  copper  let  fall  a  reddifh  black  or  brown  preci¬ 
pitate. 

Sublimate  corrofve  by  this  tefi:  difcovers  a  precipitate  partly 
white  and  black,  and  partly  orange  and  greenifh. 

In  the  nitrous  folution  of  arfenic  it  forms  a  yellow  and 
orange ;  and  in  that  of  regulus  of  antimony ,  in  aqua  regia,  an 
orange  precipitate  mixed  with  black. 
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Nitrous  folution  of  zinc,  thus  treated,  fhews  a  dirty  White  ; 
that  of  bifmuth  a  brown  mixed  with  white ;  and  that  of  cobalt 
a  brown  and  black  precipitate. 

As  Prujfian  alkali  always  contains  fome  iron,  it  gives  a  pur¬ 
ple  precipitate  vvith  this  teft,  which  precipitate  is  eafily  dif- 
folved. 

It  turns  tin&ure  of  raddilhes,  which  is  my  tefi:  for  alkalies, 
green. 

The  adlion  of  liver  of  fulphur  on  metallic  fubftances  in  the 
dry  way  is  defcribed  by  many  authors,  and  particularly  in  an 
excellent  DifiTertation  by  M.  Engestrom;  but  its  a£tion  in 
the  moijl  way  has  not  been  mentioned,  as  far  as  I  recollect,  by 
any.  Hence  I  tried  its  efFedt  on  a  few  grains  of  iron,  cop¬ 
per,  lead,  tin,  zinc,  bifmuth,  regulus  of  antimony,  and 
of  arfenic.  Putting  each  into  a  bottle,  containing  about  three 
half  ounces  of  liquid  liver  of  fulphur,  fo  far  diluted  that  its 
colour  was  yellow  ;  in  about  fifteen  days  I  found  they  all, 
except  the  zinc  and  tin,  had  attracted  fulphur  from  the  fixed 
alkali.  Iron,  arfenic,  and  regulus  of  antimony  and  lead,  were 
moft  altered  ;  copper  next,  and  bifmuth  leaf! :  but  the  liquors 
held  none  of  the  metals  in  folution  ;  that  which  contained  iron 
became  green  ;  on  adding  an  acid  fulphur  was  precipitated  ;  if 
it  held  iron  it  could  not  at  that  period  be  detected. 

Water  faturated  with  the  condenfed  refiduum  of  alkaline  and 
hepatic  air,  that  is,  with  the  pureft  volatile  liver  of  fulphur, 
does  not  precipitate  marine  felenite ,  though  it  forms  a  flight 
brown  and  white  cloud  in  that  of  marine  baro-felenite. 

It  produces  a  black  precipitate  in  the  folution  of  vitriol  of 
iron,  and  a  black  and  white  in  that  of  marine  fait  of  iron  ;  but 
by  agitation  this  laft  becomes  wholly  white. 
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It  precipitates  both  vitriol  of  copper,  and  the  nitrous  fait  of 
copper,  red  and  brown. 

Tin  in  aqua  regia  gives  a  yellowifh  precipitate;  gold  a  dilute 
yellow  and  reddifh  brown;  platina  a  flefh- coloured  precipitate ; 
and  regulus  of  antimony  a  yellowifh  red. 

Silver  is  precipitated  black ;  and  fo  is  lead  both  from  the 
nitrous  and  acetous  acids. 

Sublimate  corrofve  appeared  for  an  inftant  red  ;  but  foon  after 
its  precipitate  appeared  partly  black  and  partly  white. 

The  nitrous  folution  of  bifmuth  affords  alfo  a  precipitate, 
partly  black,  partly  white,  and  partly  reddifh  brown,  and  of 
a  metallic  appearance ;  that  of  cobalt  is  alfo  black  or  deep 
brown . 

Arfnical  folution s  give  yellow  precipitates  more  or  lefs  red ; 
but  thofe  of  zinc  only  a  dirty  white. 

All  thefe  colours  vary  in  fome  degree,  according  as  the 
liquors  are  more  or  lefs  faturated  previous  to  and  after  their 
mixture,  and  the  time  they  have  flood  together. 
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Of  the  Confitution  of  Hepatic  Air. 

j 

From  an  attentive  confideration  of  the  above  experiments, 
which  I  purpofely  difengaged  from  all  theory,  it  is  difficult  to 
conclude,  that  hepatic  air  confifts  o-f  any  thing  elfe  than  ful- 
phur  itfelf,  kept  in  an  aerial  ftate  by  the  matter  of  heat. 
Every  attempt  to  extract  inflammable  air  from  hepatic  air, 
when  drawn  from  materials  that  previoufly  contained  nothing 
inflammable,  namely,  from  alkaline  or  calcareous  hepars, 

proved 
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proved  abortive  :  on  the  contrary,  when  the  materials  could 
previoufly  fupply  inflammable  air,  as  when  martial  carbonaceous 
and  faccharine  compounds  were  employed,  inflammable  air,  in 
ever  fofmall  a  proportion,  was  detected  :  nor  could  hepatic  air 
be  procured  from  the  direct  union  of  inflammable  air  and  ful- 
phur,  as  we  have  feen. 

Some  have  imagined,  that  this  air  con  lift's  of  liver  of  ful- 
phur  itfelf  volatilized,  and  confeqnently  that  an  alkali  enters 
into  its  compofition  ;  but  many  weighty  reafons  oppofe  this 
fuppofition.  In  the  firff  place  this  air  is  evidently,  though 
weakly  acid,  lince  it  reddens  litmus,  and  precipitates  acetous 
baro-felenite.  2dly,  It  may  be  extracted  from  materials  that 
either  contain  no  alkali  at  all,  or  next  to  none,  as  iron,  fugar, 
oil,  charcoal :  and,  laftly,  it  is  not  decompofed  by  marine  or  fixed 
air,  by  which,  neverthelefs,  liver  of  fulphur  is  decompofable. 

I  formerly  thought  that  lulphur  was  held  in  folution  in  he¬ 
patic  air,  either  by  vitriolic  or  marine  air;  yet  though  both  of 
them  may  hold  fulphur  in  folution,  as  we  have  feen,  Hill  neither 
of  them  is  effential  to  the  conflitution  of  hepatic  air  as  fuch, 
fince  it  is  producible  from  materials  that  contain  neither  of 
thefe  acids  ;  and,  from  whatever  fubjeCt  it  is  obtained,  it  exhibits 
the  characters  of  one  and  the  fame  acid,  namely,  the  vitriolic 
exceedingly  weakened ;  and  fuch  an  acid  we  may  fuppofe  fulphur 
itfelf  to  be. 

In  effeCt,  fulphur,  even  in  its  concrete  ftate,  affords  many 
characters  of  acidity.  It  unites  with  alkalies,  calcareous  and 
ponderous  earths,  and  moft  metals,  as  a  weak  acid  might  : 
and  except  a  manifeft  folubility  in  water  (a  property  which 
fome  other  concrete  acids  alfo  pofiefs  in  a  very  weak  degree)  it 
exhibits  every  character  of  acidity.  But  its  acidity  is  the  weakeff 
poffible,  fince  it  decompofes  only  acetous,  and  not  marine  baro- 

felenite,, 
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felenite,  and  is  feparable  from  alkalies  and  earths  by  all  other 
acids. 

That  the  matter  of  heat  enters  into  the  compofition  of  this 
air,  is  evident  from  the  experiments  of  M.  Scheele,  who  paid 
particular  attention  to  that  objedh  He  found,  that  acids  excite 
much  lefs  fenllble  heat  in  uniting  with  liver  of  fulphur,  whe¬ 
ther  alkaline  or  calcareous,  than  while  uniting  with  a  propor¬ 
tion  of  cauftic  fixed  alkali  or  lime  equal  to  that  which  enters 
into  the  compofition  of  thofe  livers  ;  whence  hejuflly  infers, 
that  the  difference  enters  into  the  compofition  of  the  hepatic  air 
produced.  I  have  proved  the  fame  thing  another  way  :  for, 
inhead  of  decompofing  an  alkaline  hepar  by  marine  acid,  I 
tried  to  decompofe  it  by  a  faturate  folution  both  of  marine 
ielenite  and  marine  Epfom.  The  decompofition  indeed  took 
place,  but  no  hepatic  air  was  produced  :  for  the  acid  having 
given  out  its  fpecitic  heat  on  uniting  to  the  earths,  had  none 
to  lofe  or  communicate  on  uniting  to  the  alkali,  and  confe- 
quently  the  fulphur  receiving  none  could  not  be  thrown  into 
an  aerial  hate. 

It  is  remarkable,  that  bodies  capable  of  an  aerial  form  re¬ 
ceive  the  latent  heat  neceflary  for  that  form,  much  more  rea¬ 
dily  from  a  body  that  parts  with  its  fpecific  heat  than  by  the 
mere  application  of  l'enfible  heat.  Thus  aerated  barytes  can¬ 
not  be  decompofed  by  mere  heat,  as  Dr.  Withering  has 
{hewn,  though  its  air  is  eafily  feparated  from  it  by  an  acid  ; 
and  in  the  fame  manner  antimony  cannot  be  defulphurated 
even  by  vitrefadtion,  though  it  may  by  acids :  fo  liver  of  ful¬ 
phur  will  not  give  hepatic  air  by  mere  heat,  though  it  will 
by  the  intervention  of  an  acid,  even  the  weakeft.  The  reafon 
of  which  feems  to  be  this  :  the  matter  of  heat  has  no  parti¬ 
cular  affinity  with  any  fubftance,  as  is  evident  from  its  paffing 

indifferently 
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indifferently  from  any  hot  body  to  a  colder,  of  whatever  fort 
or  kind  the  bodies  may  be;  but  it  is  determined  to  unite  with 
this  or  that  body  in  a  latent  ftate,  in  greater  or  leffer  quantity, 
in  proportion  to  the  greater  or  leffer  capacity  of  thefe  bodies  to 
receive  it.  Now  acids,  by  uniting  to  the  alkaline  bafis  of 
liver  of  fulphur,  expel  the  fulphur,  and  give  it  their  heat,  at 
the  injiant  the  fulphur,  by  its  feparation,  has  the  capacity  to 
receive  it;  whereas  fenfible  external  heat,  acting  alike  on  both 
the  conflituent  parts  of  liver  of  fulphur,  feparates  neither ;  or 
if  it  feparates  them,  yet,  by  its  fuccejfive  action,  it  throws  one 
of  them  into  a  vaporous  ftate  firft,  and  bodies  that  jirji  acquire 
this  ftate  can  never  after  acquire  an  aerial  flate  by  any  Jubfe- 
quent  acceffion  of  heat. 

The  vitriolic  and  nitrons  acids  are  lefs  adapted  to  the  pro¬ 
duction  of  hepatic  air  than  the  marine  acid,  though  they  con¬ 
tain  more  fpecific  heat  than  the  mere  acid  part  of  the  marine 
acid :  the  moft  probable  reaion  of  which  is,  becaufe  they  have 
a  ffronger  attraction  to  fulphur  itfelf,  and  fo  detain  it. 

Hepatic  air  is  much  difpofed  to  give  out  its  latent)  heat,  par¬ 
ticularly  when  in  contaCt  with  fubftances  to  which  it  has  any 
affinity;  thus  it  is  condenfed  in  water  in  a  few  days;,  it  is  alfo 
condenfed  by  long  expofure  to  freffi  furfaces  of  mercury  or  fiver 
or  other  metals,  particularly  if  they  are  moiffi  M.  Bergmak 
found  it  in  great  meafure  condenfed  into  fulphur,  when  in- 
clofed  alone  in  a  bottle*.  In  this  cale  it  probably  contained  an 
excefs  of  fulphur;  for  hot  hepatic  air  is  capable  of  keeping  a. 
farther  quantity  of  fulphur  in  folution,.  and  depoiing  it  whem 
cold,  as  I  have  frequently  obferved. 

*  See  a  note  in  the  fecond  volume  of  M.  Morveau's  tranfiation  of  the  fecond4 
volume  of  Bergman’s  Works,  ps.  341. 
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The  precipitation  of  metallic  fubftances  by  this  air  is  owing 
partly  to  the  union  and  phlogiftication  of  the  acids  by  this  air, 
and  partly  to  its  union  with  the  metals  themfelves,  for  it  evi¬ 
dently  unites  in  mod;  cafes  to  both. 

As  alkalies  and  fulphur  are  known  to  have  an  affinity  to  each 
other,  we  eafily  underlfand  why  hepatic  and  alkaline  airs  are 
condenfed  when  mixed  with  each  other ;  nor  is  there  any  dif¬ 
ficulty  in  conceiving  why  hepatic  air  is  not  condenfed  by  com¬ 
mon,  dephlcgidicated,  inflammable,  or  phlogidicated  airs,  or  re¬ 
markably  by  marine  air ;  but  it  feems  very  extraordinary,  that 
hepatic  air  and  vitriolic  air  fhould  be  condenfed,  and  in  great 
meafure  converted  into  fulphur  by  their  mutual  aCtion  on  each 
other,  particularly  as  they  both  feem  nearly  of  the  fame  fpe- 
cies,  or  at  lead;  nearly  allied  to  each  other.  The  attraction  of 
two  bodies,  thus  circumdanced,  is  certainly  very  extraordi¬ 
nary  ;  yet  that  their  union  proceeds  from  attraction  feems  pretty 
evident,  for  concentrated  vitriolic  acid,  and  particularly  vola¬ 
tile  vitriolic  acid,  precipitates  fulphur  copiouflv  from  hepatifed 
water.  Volatile  vitriolic  acid  frequently  holds  fome  fulphur  in 
folution,  as  appears  from  the  experiments  of  Dr.  Priestley 
and  M.  Berthollet  ;  and  hence  it  depofits  fome  when  it  lofes 
its  aerial  form,  or  by  mere  length  of  time ;  but  the  whole  of 
this  condenfed  air  is  not  turned  into  fulphur,  for  the  water  that 
wafhed  the  precipitated  fulphur  took  up  a  quantity  of  volatile 
acid  and  fixed  air,  as  has  been  fhewn. 

The  condenfation  of  hepatic  air  by  nitrous  air  feems  owing 
to  the  fame  caufe  ;  for  when  the  nitrous  air  was  in  great  degree 
deprived  of  fuperfluous  acid,  the  condenfation  of  the  hepatic 
was  much  flower ;  and  that  which  after  all  took  place  feems 
to  have  been  effeCfed  by  the  decompofition  of  the  nitrous  air, 
and  the  confequent  extrication  of  an  acid. 
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The  decompofitions  effected  by  fixed  and  volatile  livers  of 
fulphur  obvioufly  proceed  in  moft  cafes  from  a  double  affinity. 


SECTION  VIII. 

Of  Phofphoric  Hepatic  Air . 

As  phofphorus,  in  refpeft  to  its  conflituent  parts,  bears  a 
ftrong  refemblance  to  fulphur,  I  was  naturally  led  to  examine 
its  phaenomena  when  placed  in  the  fame  circumftances  :  I 
therefore  gently  heated  about  10  or  12  grains  of  phofphorus, 
mixed  with  about  half  an  ounce  of  cauflic  fixed  alkaline  folution, 
in  a  very  fmall  phial,  furnifhed  with  a  bent  tube,  and  received 
the  air  over  mercury.  Upon  the  firfl  application  of  heat  two 
fmall  explofions  took  place,  attended  with  a  yellow  flame  and 
white  fmoke,  which  penetrated  through  the  mercury  into  the 
receiver;  thefe  were  followed  by  an  equable  production  of  air. 
At  lafb  the  phofphorus  began  tofwell  and  froth,  and  fearing  the 
rupture  of  the  phial,  I  flopped  the  tube  to  prevent  the  accefs 
of  atmofpheric  air,  and  removed  the  phial  to  a  water  tub, 
intending  to  throw  it  in ;  but  in  the  mean  while  the  phial 
burft  with  a  loud  explofion,  by  reafon  of  an  obftruftion  in  the 
tube,  and  a  fierce  flame  immediately  iflued  from  it.  However 
I  obtained  about  8  cubic  inches  of  air. 

This  air  was  diminifhed  very  (lightly,  by  agitation  with  an 
equal  bulk  of  water,  and  then  became  cloudy  like  white  fmoke, 
but  foon  after  recovered  its  tranfparency.  Upon  turning  up 
the  mouth  of  the  tube  to  examine  the  water,  the  unabforbed 
air  inflantly  took  fire,  and  burned  with  a  yellow  flame  without 
exploding,  leaving  a  reddifh  depofit  on  the  fides  of  the  tube.. 

E  Watexr 
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Water  impregnated  with  phofphoric  air,  and  over  which  this 
air  had  burned,  {lightly  reddened  tin&ure  of  litmus  : 

Did  not  affedt  Pruffian  alkali : 

Had  no  effedt  on  the  nitrous  folutions  of  copper  or  lead ,  zinc 
or  cobalt ,  nor  on  marine  folution  of  iron  or  tin ,  or  of  tin  in 
aqua  regia,  nor  on  the  vitriolic  folutions  of  iron ,  copper ,  tin, 
lead ,  zinc,  regains  of  antimony ,  arfenic ,  or  manganefe ;  nor  on 
the  marine  folutions  of  iron,  copper ,  /eW,  cobalt,  arfenic, 

or  manganefe. 

But  it  precipitated  the  nitrous  folution  of  fiver  black,  and 
vitriol  of  fiver  brown  ;  alfo  nitrous  folution  of  mercury  made 
without  heat  brown  and  black  ;  but  vitriol  of  mercury  fi’rft 
became  reddifh,  and  afterwards  white  ;  and  fublimate  corrofve 
yellow  and  red  mixed  with  white. 

Gold  diffolved  in  aqua  regia  is  precipitated  purplifh  black, 
and  from  the  vitriolic  acid  brownifh  red  and  black  ;  but  regulus 
of  antimony  in  aqua  regia  is  precipitated  white  by  this  phof- 
phorated  water. 

The  nitrous  folution  of  bifmutb  {hewed  firft  a  white,  and 
prefently  after  a  brown  precipitate.  Vitriol  of  bifmuth  and 
marine  fait  of  bifmuth  were  alfo  precipitated  brown  ;  this  latter 
re- diffolved  by  agitation.  '  *  '  1 

The  nitrous  folution  of  arfenic  alfo  became  brown,  but  re- 
diffolved  by  agitation. 

I  afterwards  impregnated  fome  water  with  this  air,  without 
fuffering  the  air  to  burn  over  it:  it  fcarcely  affedted  litmus, 

did  not  precipitate  lime-water;  but  it  caufed  a  black  precipitate 

• 

in  folution  of  ft  her ,  a  white  precipitate  of  regulus  of  antimony 
in  -Tv ,  and  a  whitifh  yellow  in  that  of  fublimate  corrofve. 

To  a  meafure  of  this  air  I  let  up  a  meafure  of  water,  and 
through  this  fome' fmall  bubbles  of  common  air ;  every  bubble 

flamed 
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flamed  and  produced  a  white  fmoke  until  about  half  as  much 
common  air  was  introduced  as  there  was  originally  of  phofpho- 
ric ;  and  yet  the  original  bulk  did  not  appear  increafed  ;  the 
flame  each  time  produced  a  fmall  commotion,  and  a  fmoke  de- 
fcended  after  inflammation  into  the  water :  when  flame  ceafed 
to  be  produced,  fmoke  ftill  followed  the  introduction  of  more 
common  air.  Bubbles  of  phofphoric  air,  efcaping  through 
mercury  into  the  atmofphere,  flame,  crackle,  and  fmell,  exaCtly, 
like  the  eleCtric  fpark  *. 

To  a  meafure  of  phofphoric  air  I  let  up  a  half  meafure  of 
nitrous  air :  a  white  fmoke  appeared,  with  an  exceeding  flight 
diminution,,  and  the  tranfparency  was  foon  reftored,  a  flight 
fcum  being  depofited  on  the  fldes  of  the  jar.  Another  half 
meafure  of  nitrous  air  produced  no  fmoke  or  diminution  ;  but 
on  adding  water,  and  agitating  the  air  in  it,  much  more  of  it 
was  abforbed.  Upon  turning  up  the  jar  the  nitrous  air  firfl: 
efcaped  in  the  form  of  a  red  vapour,  and  this  was  followed  by 
a  whitilh  fmoke.  The  water  had  a  phofphoric  fmell,  and  pre- 
jcipitated  the  folution  of  fllver  brown.  In  this  experiment  the' 
acid  of  the  nitrous  air  feems  to  have  adled  the  fame  part  that  it 
does  in  hepatic  air. 

Phofphoric  air  was  fcarce  at  all  diminifhed  by  the  addition  of 
an  equal  meafure  of  alkaline  air ;  and  water  being  put  up  to 
thefe,  took  up  in  appearance  little  elfe  than  alkaline  air,  yet 
on  turning  up  the  mouth  of  the  jar,  the  refiduary  air  fmoked 
without  flaming. 

*  A  few  months  after  I  made  thefe  experiments  on  phofphoric  air,  the  tenth 

volume  of  the  Memoires  des  Savans  Etrangers  was  publilhed ;  and  in  this  I 
found,  that  the  fpontaneous  inflammation  of  this  air  was  known  to  M.  Gin* 
gembre  in  the  year  1783.  His  experiments  are  now  publiflied  in  Rozier’s. 
journal  for  Ottober,  1 785. 
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The  water,  thus  impregnated,  had  exactly  the  fmell  of  onions. 

It  turned  tin&ure  of  radifhes  green. 

It  precipitated  folution  of  Jilver  black  ;  and  that  of  Copper  in 
the  nitrous  acid  brown  ;  but  this  precipitate  was  re-diffolved  by 
agitation,  and  the  liquor  became  green.  Sublimate  corrojive 
was  precipitated  yellow  mixed  with  black. 

Iron  was  precipitated  white,  both  from  the  vitriolic  and 
marine  acids ;  but  a  pale  yellow  folution  of  it  in  the  nitrous 
acid  was  not  affected  ;  and  a  red  folution  of  it  in  the  fame  acid 
was  only  congrumated. 

Regulus  of  antimony  in  aqua  regia  gave  a  white,  cobalt  in 
nitrous  acid  a  very  flight  reddifh,  and  bifmutb  in  the  fame  acid 
a  brown  precipitate. 

But  neither  the  nitrous  folution  of  lead  or  zinc,  nor  that  of 
tin  in  marine  acid  or  aqua  regia,  nor  that  of  regulus  of  anti¬ 
mony  in  aqua  regia,  were  any  way  affe&ed. 

Fixed  air ,  mixed  with  an  equal  proportion  of  phofphoric  air, 
produced  a  white  fmoke,  fome  diminution,  and  a  yellow  de¬ 
posit.  On  agitating  the  mixture  in  water,  the  fixed  air  was 
taken  up  all  to  one- tenth.  The  refiduum  fmoked,  but  did 
not  inflame  fpontaneoufly. 

►  >  s 

To  a  fmall  portion  of  phofphoric  air  I  introduced  fome 
precipitate  per  fe.  It  foon  grew  black,  and  a  white  fmoke 
appeared.  In  two  days  the  precipitate  remained  folid,  yet 
acquired  a  fhining  pale  white  colour,  like  that  of  fteel-:  the 
air  loft  its  fpontaneous  inflammability ;  but  I  am  not  certain 
that  this  want  of  inflammability  did  not  proceed  from  fome 
other  caufe  ;  for  two  days  after  I  made  this  air,  I  found  a  quan¬ 
tity  of  it,  which  had  refted  all  night  on  water,  had  deposited  a 
yellow  fcum  on  the  iides  of  the  jar,  and  loft  its  fpontaneous 
inflammability  next  morning.  The  temperature  of  the  air  was 

then 
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then  530;  and  when  it  inflamed  before,  the  temperature 
was  68°. 

From  thefe  few  experiments,  which  the  fmall  quantity  of 
air  I  then  obtained  did  not  fuffer  me  to  repeat,  I  think  we  may 
conclude,  that  phofphoric  air  is  nothing  elfe  but  phofphorus 
itfelf  in  an  aerial  ftate,  and  differs  from  fulphur  in  this,  among 
other  points,  that  it  requires  much  lefs  latent  heat  to  throw  it 
into  an  aerial  form,  and  hence  may  be  difengaged  from  fixed 
alkalies,  without  the  afliftance  of  an  acid. 
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